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ITHIN the past two decades the United States

has changed from an importer to an exporter

of fats. Numerous factors have contributed to
the development of this situation. The more impor-
tant appear to be the greatly increased production of
soybeans, the greatly increased consumption of meat
with corresponding increase in production of the by-
product animal fats, both edible and inedible, and in-
creasing domestic production of certain industrially
used oils such as tung and castor. In addition, there
is inecreased technical knowledge which permits the
use of domestic oils in formulations that formerly re-
guired imported materials having unusual chemical
composition.

Numerous facets of the domestic fat picture have
helped to focus the major economic effects of this
changing pattern directly on animal fats and oils,
particularly inedible animal fats. The economic diffi-
culties resulting from substantially inereased produc-
tion of inedible animal fats have been compounded
by the simultaneous disappearance of a considerable
portion of their principal outlet as soap.

Data in Table I on the production of animal fats,

TABLE I

Inedible Animal Fats
Production vs. Use in Soap and Exports

Percentage| Net imports| Percentage
Consump-
. nsufl of produc- (+) of pro-
Production t"soc:;;)n tion used or duction
in soap |exports (—)| exported
AL o oy
Tear lb:.m M;lbl;on Percent Mlﬁo” Percentage
1,167 965 82.7 42 | e
1,748 1,398 79.9 +25 | e
2,032 1,441 70.9 —195 9.6
2,272 1,361 59.9 —534 23.5
. 2,252 1,173 52.1 —530 23.5
1952.... 2,318 1,076 46.5 —747 32.3

Based on data from Fats and Oils Situation, 159, 1953, page 18.

their use in soap, and the import-export tonnage dem-
onstrate the magnitude of this changing picture.

Up to the present, despite the large increase in ani-
mal fat tonnage not used in domestic soap produc-
tion, no large quantities of these fats have accumu-
~ lated as surpluses; worldwide shortages of fats fol-
lowing World War II have facilitated their export.
Last vear about 750 million pounds, almost exactly
one-third of our production, were exported. Depend-
ence to such a degree upon export markets, beset as
they are with so many difficulties and uncertainties,
places the inedible fat rendering industry in an un-
enviable position. Moreover the relatively low returns
from marketing these products in competition with
fats produced abroad undoubtedly result in lower
returns to the farmers who grow livestock.

The substantial excess of production of animal fats
over domestic demand presents a challenge to agricul-
ture and at the same time offers an opportunity to
those who are in a position to give them consideration
as a raw material. Available tonnages are of such
magnitude as to encourage investigation of their use
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in some of the largest chemical outlets; in fact, one of
the difficult aspeets of the problem is the existence of
such few potential outlets for guantities of material
of the order of magnitude required.

One non-chemical field which offers an outlet for a
substantial quantity of tallow and grease is animal
feeds. As an example of the potential utilization in
this field, it has been authoritatively estimated that
the annual consumption of poultry feeds is about 30
million tons: simple calculation indicates that the
addition of 1G¢ of fat to these feeds would require
600 million pounds, nearly all our present exportable
surplus.

Present information indicates that, in the field of
animal feeds, fats will be in competition with other
sources of calories, principally carbohydrates. Since
the calorific value of fats is 2.25 times that of carbo-
hydrates, they are competitive with many other farm
feeds as a source of energy even at prices somewhat
above their present levels. Further possible advan-
tages of relatively minor additions of fats to certain
animal feeds are indicated from research currently in
progress. It therefore appears that research plans to
investigate the use of fats as a raw material for the
preparation of chemical intermediates and deriva-
tives might well be based for the long pull on slightly
higher prices for fats than those which have prevailed
for the past two years. Consideration of all the fae-
tors involved however indicates that fats are a prom-
ising raw material for study by research investigators
(1, 2, 3,5,9).

The price of fats is such that they cannot be con-
sidered as being .competitive on a cents per pound
basis with such raw materials as petroleum or coal.
Fats cannot be subjected to the same types of process-
ing, which are frequently relatively undirected and
therefore result in undesirable by-products. The in-
edible animal fats however are relatively pure or-
ganic raw materials from which a substantial credit
can nearly always be obtained by recovery of glycer-
ine. It therefore follows that it is not desirable or
necessary to base decisions regarding the value of fats
as raw materials on a comparison of their unit weight
costs with those of petroleum or coal. These latter
materials moreover are used extensively by the chem-
ical industry only after a variety of processing and
purifying steps.

At present, most of the large volume of synthetic

organic chemicals are derived from eight raw mate-

rials: ethylene, propylene, butylene, benzene, toluene,
naphthalene, acetylene, and cellulose (5). Ethylene.
propylene, butylene, benzene, and toluene are derived
in part from petroleum and are worth about 4 to 5c
per pound. Naphthalene from coal tar is presently
priced at about 6c per pound whereas acetylene, a
more reactive derivative from the same source, is
worth approximately 12¢ per pound. The only agri-
cultural raw material included, cellulose, is currently
worth about 10c per pound.

These basic products are all essentially pure com-
pounds, which in most cases are used by the chemical
industry as ‘‘building blocks’’ for the preparation of
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a wide variety of larger molecules. The animal fats
or mixed fatty acids do not have the same degree of
chemical purity and hence for some purposes are not
strictly comparable with these intermediate products
as raw materials for organic preparation or synthesis.
Rather, for most purposes, such comparisons might
better be made with relatively pure intermediates de-
rived from fats such as stearic and oleic acid, their
two principal components.

Such a comparison is far from discouraging to
those who are considering the possibilities of research
on fats and oils, particularly if consideration is given
to the functionality of the materials and to the long,
straight-chain structure of the fatty acids which make
up about 92% of these fats. These long, straight-
chain structures frequently present advantages and
seldom pose serious disadvantages in such fields as
plastics, rubber, synthetic fibers, surface-active
agents, plasticizers, lubricants, and waxes. It is ex-
ceedingly fortunate for would-be users of tallow that
these fields in which the basic chemieal composition of
fatty acids appears to give them certain advantages
coincide to a considerable extent with the major fields
for marketing organic chemical products. The only
major chemical field in which fatty acids appear to
offer little or no potentialities for use is that of sol-
vents. For such a purpose their straight-chain paraf-
finic nature coupled with their relatively high
molecular weights must be considered as a definite
disadvantage.

Before drawing any final conclusions regarding the
potential development of commercially valuable or-
ganic chemical products from fats, it may be well to
evaluate very briefly their present position in each of
the important markets mentioned above.

Plastics and resins. The use of fatty acids in plas-
tics and resins has largely been confined to their in-
corporation as components in alkyd resins. Their
function has been largely that of a modifier and
extender, and most of the fatty acids used have been
of the relatively unsaturated type.

Two current developments offer some hope for sub-
stantially increasing the use and improving the posi-
tion of fats in this field. The first of these, reported to
be in commercial operation, is the conversion of oleic
acid to azelaic acid. This fat-derived compound can
be used as a component of the primary base for poly-
ester resins made by condensation reactions. The sec-
ond development, only in the research stage at pres-
ent, involves the use of such fat derivatives as vinyl
stearate for copolymerization with other important
commercial monomers. If it achieves commercial sta-
tus, it will open the way to the use of the saturated
fatty acids in this large and rapidly growing field.

Rubber. Considerable quantities of fats (up to 100
million pounds a year) have been used in the prepa-
ration of soaps that serve as emulsifiers in the manu-

facture of synthetic rubber. Also fatty acids are used -

as additives in nearly all rubber formulations. In re-
cent years this application required about 20 million
pounds of fatty acids, a quantity that represents only
a minor additive by comparison with the tonnage of
rubber used.

The scientific information available is not sufficient
to permit appraisal of the possibility for using fatty
gci«ﬁ as a component raw material for the rubber
1tself.

Plasticizers. Fats, oils, and many of their simple

derivatives have most of the properties desirable in
plasticizers, such as low vapor pressure, good color
and color stability, and uniformity. Lack of compati-
bility with commercially important polymers however
has restricted the use of fats for this purpose. A re-
cently developed method for chemical modification of
fatty compounds resulting from the epoxidation stud-
ies of Swern and coworkers (10) has served to stimu-
late interest in the use of fats for preparing plasti-
cizers. The compatibility of fatty compounds with
such important commercial plastic materials as poly-
vinyl chloride is increased substantially by the intro-
duction of the three-membered epoxy or oxirane ring
into the molecule (6). This work has already led to
greatly increased use of fats in plasticizer manufac-
ture, and in view of the widespread interest in this
development further progress seems probable.
Surface-Active Agents. Fats formerly ocecupied a
unique and dominant position in the field of surface-
active agents, being the raw material used almost en-
tirely for preparation of soaps. Moreover the first
acid-stable wetting agents were developed from fats,
chiefly for use in -textile processing. Miller (8) re-
ports that the textile industry in this country today is
consuming materials derived from fats at the rate of
several hundred million pounds per year. According
to this authority, fat derivatives are used in wool
seouring, rayon wet spinning, spinning lubricants,
sizing compounds, wetting and rewetting agents, acid
fulling, and dye leveling, and as finishing agents.
For about two decades surface-active agents de-
rived from non-fatty materials have been used to

_serve an ever-increasing number of industrial needs.

Since World War IT these materials have found sub-
stantial acceptance for household laundering and
dishwashing. At present the question seems to be
whether it is possible for fats to regain some of their
former position or even hold their present level as
raw materials for use in manufacture of surface-
active agents. In a recent analysis of available data
on the production of surface-active agents MeCutch-
eon (7) stated that dodecyl benzene sodium sulfonate
continues to be the leading base material for deter-
gents. Although the second largest base detergent
material is alcohol sulfate derived from coconut and
tallow fatty acids, he implies that use of these prod-
ucts has not shown the huge increase that might have
been expected on the basis of low-priced tallow over
the last year or so. It does seem probable however
that for several years use of tallow for this purpose
has increased considerably, at the expense of im-
ported and more expensive coconut oil.

Several other acyeclie-type products show consistent
gains since 1942, and the low price of inedible animal
fats is stimulating increased research aimed at the use
of fats in production of surface-active agents.

Lubricants and Lubricant Additives. Although
fats and oils were undoubtedly the earliest lubricants
used by man, they have surrendered dominance in
this field to those derived from petroleum. Neverthe-
less it has been reported recently by Zisman and co-
workers (4) that dibasic acids such as azelaic acid,
which is derived from fats, serve as a basis for syn-
thesizing excellent greases and lubricating oils.

The field of additives to lubricants is also a grow-
ing one; lubricants frequently contain 5 to 10% addi-
tive or even more. Purposes for which additives are
used include accentuation of ‘‘oiliness,’’ modification



of viscosity, improvement of viscosity index, deter-

gent action, lowering of pour point, and inhibition of

corrosion and oxidation. The paraffinic nature of

fatty acids modified only by the presence of a termi-

nal carboxyl group tends to make them ideal raw ma-

terials for the synthesis of specific compounds re-
quired to fill these needs.

Synthetw Fibers. The function of fats and fat de-
rivatives in the manufacture of synthetic fibers is al-
most entirely peripheral in that only minor amounts
are incorporated in the structure of the fiber mole-
cules. Such use as they enjoy in production and proc-
essing of synthetic fibers is largely that of surface-
active agents. It is not possible to make predictions
regarding the future use of fats in this field. It does
seem reasonable to assume however that any substan-
tial use of fats will depend upon the development of
relatively simple secondary derivatives capable of en-
tering into the polymerization reactions generally
used in the preparation of synthetic fibers.

Wazxes. Nearly all the valuable natural waxes are
complex chemical mixtures consisting largely of com-
pounds which have long paraffinic chains, frequently
modified by hydroxyl groups. It is not surprising
therefore that a great many of the ‘‘synthetic waxes’’
are prepared from fats which because of their paraf-
finic structure appear to be ideal starting materials.

A number of additional fields offer considerable
promise as outlets for fat derivatives. Although their
discussion is_beyond the scope of this paper, a few
offer such promise as to merit mention. These include
steel processing (hot-dip tinning, rolling mill and
drawing lubricants), adhesives, flotation agents, and
hvdrauhc fluids. In conclus1on, the followmg sum-
marizing statements may be made: a) Inedible fats

and oils are available in sufficient quantities to serve
as raw materials for chemical derivatives having large
outlets. b) Indications are that inedible animal fats
will be available at prices which permit their consid-
eration for use as organic raw materials. ¢) The
greatest opportunities for development of chemical
uses for fats are in those fields where their paraffinic
chain, already modified by terminal carboxylation,
gives them some potential advantages. Fortunately
such fields include many which have been shown to
possess great growth potential. d) The basic chemieal
and physical information necessary for the praectical
development from fats of new derivatives that will
serve a variety of industrial needs is rapidly becom-
ing available.
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(Eprtor’s NoTE: This article was presented as the introduc-
tory paper before the session on Fatty Acid Derivatives at the
27th fall meeting of the American Oil Chemists’ Sociely, Nov.
3, 1953, in Chicago, Il1.)



